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Broad	
  view	
  outline	
  

•  Heavy-­‐ion	
  collisions	
  at	
  LHC	
  energies	
  
–  Extract	
  physical	
  proper8es	
  of	
  the	
  hot	
  de-­‐confined	
  
QCD	
  maGer:	
  T>>Tc	
  at	
  μb=0	
  

– Must	
  have:	
  sensi8vity	
  of	
  observables	
  to	
  QGP	
  effects	
  
•  pA	
  collisions:	
  cold	
  nuclear	
  maGer	
  	
  
– Understanding	
  of	
  ini8al	
  state	
  of	
  AA	
  collisions	
  
– Must	
  test:	
  sensi8vity	
  of	
  observables	
  to	
  QGP	
  effects	
  

•  proton-­‐proton	
  collisions:	
  
–  Vacuum	
  reference;	
  p-­‐QCD	
  jet	
  cross-­‐sec8on	
  
–  Single	
  NN	
  ≠	
  single	
  parton-­‐parton	
  interac8on	
  
–  Is	
  this	
  the	
  best	
  reference	
  for	
  all	
  observables?	
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A	
  Large	
  Ion	
  Collider	
  Experiment	
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Not	
  shown:	
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ALICE	
  at	
  SQM	
  

Systems:	
  
•  Proton-­‐proton	
  
•  pPb	
  
•  PbPb	
  

•  Outline	
  of	
  this	
  talk:	
  
–  Selected	
  subjects	
  from	
  

soj	
  to	
  hard	
  probes	
  
–  Summary	
  

ProperBes	
  &	
  Tools	
  
•  Global	
  event	
  /	
  system	
  proper8es:	
  	
  

–  Inclusive	
  spectra;	
  Iden8fied	
  par8cles;	
  mean	
  
pT;	
  Blast-­‐wave	
  fits	
  (T,	
  Beta)	
  

•  Collec8ve	
  effects	
  
–  Correla8ons,	
  flow	
  coefficients,	
  v2,	
  v3	
  

(propaga8on/dissipa8on)	
  
•  Heavy-­‐flavour	
  –	
  e-­‐loss	
  and	
  thermaliza8on	
  

–  Produc8on	
  vs.	
  mul8plicity;	
  Suppression	
  and	
  v2	
  

•  Quarkonia	
  –	
  QGP	
  vs.	
  Cold	
  Nuclear	
  MaGer	
  
–  Produc8on	
  vs.	
  mul8plicity;	
  Suppression	
  in	
  

PbPb;	
  v2;	
  suppression/enhancement	
  in	
  pA	
  
•  Jets	
  

–  RAA	
  –	
  inclusive	
  produc8on	
  in	
  pp	
  and	
  AA;	
  jet	
  
structure;	
  test	
  of	
  Nbinary	
  scaling	
  in	
  min.	
  bias	
  pPb	
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GLOBAL	
  EVENT	
  PROPERTIES	
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Global	
  event	
  properBes:	
  	
  
mean	
  pT	
  vs	
  mulBplicity	
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fixed values of Nch, which agrees well with measurements reported by ATLAS [29, 47] at
√
s = 0.9 and

7 TeV. We note a change in slope for all three collision energies at roughly the same value of Nch ≈ 10.
This change in slope was also observed at Tevatron [24, 26] and recently at the LHC [27, 29].

In Monte Carlo event generators, high multiplicity events are produced by multiple parton interactions.
An incoherent superposition of such interactions would lead to a constant 〈pT〉 at high multiplicities.
The observed strong correlation of 〈pT〉 with Nch has been attributed, within PYTHIA models, to color
reconnections (CR) between hadronizing strings [34]. In this mechanism, which can be interpreted as a
collective final-state effect, strings from independent parton interactions do not hadronize independently,
but fuse prior to hadronization. This leads to fewer hadrons, but more energetic. The CR strength
is implemented as a probability parameter in the models. The CR mechanism bears similarity to the
mechanism of string fusion [48] advocated early for nucleus-nucleus collisions. A model based on
Pomeron exchange was shown to fit the pp data [49]. A mechanism of collective string hadronization is
also used in the EPOS model, which was shown recently to describe a wealth LHC data in pp, p–Pb, and
Pb–Pb collisions [50].
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Fig. 2: Average transverse momentum 〈pT〉 versus charged-particle multiplicity Nch in pp, p–Pb, and Pb–Pb
collisions for |η | < 0.3. The boxes represent the systematic uncertainties on 〈pT〉. The statistical errors are
negligible.

Figure 2 shows the average transverse momentum 〈pT〉 of charged particles versus the charged-particle
multiplicity Nch as measured in pp collisions at

√
s = 7 TeV, in p–Pb collisions at √sNN = 5.02 TeV, and

in Pb–Pb collisions at √sNN = 2.76 TeV. In p–Pb collisions, we observe an increase of 〈pT〉 with Nch,
with 〈pT〉 values similar to the values in pp collisions up to Nch ≈ 14. At multiplicities above Nch ≈ 14,
the measured 〈pT〉 is lower in p–Pb collisions than in pp collisions; the difference is more pronounced
with increasing Nch. This difference cannot be attributed to the difference in collision energy, as the
energy dependence of 〈pT〉 is rather weak, see Fig. 1. In contrast, in Pb–Pb collisions, with increasing
Nch, there is only a moderate increase in 〈pT〉 up to high charged-particle multiplicity with a maximum
value of 〈pT〉= 0.685±0.016 (syst.) GeV/c, which is substantially lower than the maximum value in pp.
For pp and p–Pb, Nch> 14 corresponds to about 10% and 50% of the INEL>0 cross section, respectively,
while for Pb–Pb collisions this fraction is about 82%; Nch > 40 corresponds to the upper 1% of the cross
section in p–Pb and to about 70% most central Pb–Pb collisions. This illustrates that the same Nch value

Proton-­‐proton	
  and	
  pPb	
  follow	
  the	
  
same	
  trend	
  up	
  to	
  Nch~15;	
  however:	
  
this	
  is	
  90%	
  of	
  pp	
  x-­‐secBon	
  and	
  50%	
  
of	
  pPb	
  x-­‐secBon	
  (different	
  biases)	
  
	
  
	
  
pp	
  and	
  pPb	
  –	
  much	
  stronger	
  
increase	
  than	
  in	
  PbPb	
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Multiplicity dependence of the average transverse momentum . . . 5
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Fig. 3: Average transverse momentum 〈pT〉 as a function of charged-particle multiplicity Nch measured in pp
(upper panel), p–Pb (middle panel), and Pb–Pb (lower panel) collisions in comparison to model calculations. For
pp collisions, calculations with PYTHIA 8 [42] with tune 4C are shown with and without the color reconnection
(CR) mechanism. The p–Pb and Pb–Pb data are compared to calculations with the DPMJET, HIJING, AMPT, and
EPOS Monte Carlo event generators. The lines show calculations in a Glauber Monte Carlo approach (see text).

corresponds to a very different collision regime in the three systems.

In Pb–Pb collisions, substantial rescattering of constituents are thought to lead to a redistribution of the
particle spectrum where most particles are part of a locally thermalized medium exhibiting collective,
hydrodynamic-type, behavior. The moderate increase of 〈pT〉 seen in Pb–Pb collisions (in Fig. 2, for
Nch ! 10) is thus usually attributed to collective flow [51]. The p–Pb data exhibit features of both pp
and Pb–Pb collisions, at low and high multiplicities, respectively. However, the saturation trend of 〈pT〉
versus Nch is less pronounced in p–Pb than in Pb–Pb collisions and leads to a much higher value of
〈pT〉 at high multiplicities than in Pb–Pb. An increase in 〈pT〉 of a few percent is expected in Pb–Pb
from √sNN =2.76 TeV to 5 TeV, but it appears unlikely that the p–Pb 〈pT〉 values will match those in
Pb–Pb at the same energy. While the p–Pb data cannot exclude collective hydrodynamic-type effects for
high-multiplicity events, it is clear that such a conclusion requires stronger evidence. The features seen
in Fig. 2 do not depend on the kinematic selection; similar trends are found for |η | < 0.8 (|ηlab| < 0.8,
for p–Pb collisions) or for pT > 0.5 GeV/c.

Figure 3 shows a comparison of the data to model predictions for 〈pT〉 versus Nch in pp collisions at√
s = 7 TeV, p–Pb collisions at √sNN = 5.02 TeV and Pb–Pb collisions at

√sNN = 2.76 TeV. For pp
collisions, calculations using PYTHIA 8 with tune 4C are shown with and without the CR mechanism.
As shown earlier [26, 29], the model only gives a fair description of the data when the CR mechanism

Global	
  event	
  properBes:	
  	
  
mean	
  pT	
  vs	
  mulBplicity	
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•  Proton-­‐proton:	
  PYTHIA	
  -­‐	
  strong	
  increase	
  with	
  
Nch	
  aGributed	
  to	
  Color	
  ReconnecBons	
  
between	
  hadronizing	
  strings	
  -­‐	
  a	
  collec8ve	
  final	
  
state	
  effect	
  

	
  
	
  
•  pPb:	
  	
  

•  Glauber	
  MC	
  (incoherent	
  p-­‐N’s)	
  using	
  
measured	
  <pT>	
  in	
  pp	
  does	
  not	
  work	
  

•  Coherent	
  effects	
  via	
  strings	
  from	
  
different	
  p-­‐N?	
  

•  EPOS	
  includes	
  collec8ve	
  effects.	
  	
  
	
  
	
  
•  Pb-­‐Pb:	
  DPMJet	
  gets	
  trend	
  right.	
  EPOS	
  has	
  

different	
  shape	
  for	
  very	
  peripheral	
  collisions.	
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IDENTIFIED	
  PARTICLE	
  PRODUCTION	
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ALICE:	
  ParBcle	
  idenBficaBon	
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Pion/Kaon/Proton	
  in	
  pp	
  and	
  Pb-­‐Pb	
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Baryon/meson	
  anomaly	
  
-­‐	
  Radial	
  flow	
  /	
  recombina8on?	
  

Jet	
  quenching	
  /	
  modifica8ons	
  
of	
  jet	
  fragmenta8on?	
  

Radial	
  flow	
  (mesons	
  –	
  protons	
  –	
  mass	
  dependence)	
   M.	
  Chojnacki	
  Tue	
  14:40	
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•  Integrated	
  ra8o	
  independent	
  of	
  centrality	
  (L/K0s	
  ~	
  0.25)	
  
•  Intermediate	
  pT:	
  Λ/K0s	
  ra8o	
  enhanced	
  in	
  central	
  Pb-­‐Pb	
  	
  
•  consistent	
  with	
  radial	
  flow	
  

•  High-­‐pT:	
  ra8o	
  consistent	
  with	
  vacuum-­‐like	
  fragmenta8on.	
  	
  

SubmiGed	
  
arXiv	
  0764109	
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IdenBfied	
  parBcles	
  in	
  p-­‐Pb	
  

•  Yields	
  of	
  pions,	
  charged	
  
kaons,	
  protons	
  (TPC+TOF)	
  
and	
  K0s,	
  Lambda’s	
  (inv.	
  
mass)	
  

•  Binned	
  in	
  percen8les	
  of	
  
mul8plicity	
  of	
  VZERO-­‐A	
  
detector	
  

•  FiGed	
  with	
  blast-­‐wave	
  
•  Not	
  shown:	
  studied	
  <pT>	
  

(mass	
  ordering	
  present)	
  	
  
•  and	
  ra8os	
  of	
  par8cles	
  

(dependence	
  on	
  dN/dh	
  	
  
similar	
  in	
  pp,	
  pPb	
  and	
  PbPb)	
  

SQM	
  2013,	
  M.	
  Ploskon	
  

J.	
  Anielski	
  Fri	
  15:40	
  

12	
  

SubmiGed	
  /	
  arXiv	
  



N. hits SPD

0 100 200 300 400 500

V
Z

E
R

O
-A

 a
m

p
lit

u
d
e
 (

a
.u

.)
 

0

200

400

600

800

1

10

210

310

410

 = 5.02 TeVNNsALICE p-Pb at 

N. hits SPD

0 2000 4000 6000
V

Z
E

R
O

-A
 a

m
p
lit

u
d
e
 (

a
.u

.)
 

0

2000

4000

6000

8000

1

10

210

310

410
 = 2.76 TeVNNsALICE Pb-Pb at 

03/07/2013

ALI−PERF−51411

Intermezzo:	
  p-­‐Pb	
  mulBplicity	
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Much	
  broader	
  correla8on	
  between	
  different	
  mul8plic8y	
  (event	
  class)	
  es8mators	
  
⇒ expect	
  different	
  sensi8vity	
  (bias)	
  to	
  event	
  geometry	
  (Glauber!	
  –	
  Ncoll	
  scaling)	
  

Fo
rw

ar
d	
  
ra
pi
di
ty
	
  

Central	
  rapidity	
   Central	
  rapidity	
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IdenBfied	
  parBcles	
  in	
  p-­‐Pb	
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Lambda/Kaon	
  ra8o	
  vs.	
  charged	
  par8cle	
  mul8plicity	
  density	
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•  Baryon	
  to	
  meson	
  ra8o:	
  	
  
•  similar	
  trend	
  of	
  p/pion	
  raBo	
  in	
  p-­‐Pb	
  as	
  in	
  Pb-­‐Pb	
  per	
  dNch/dη	
  	
  
•  follows	
  a	
  power-­‐law	
  with	
  a	
  same	
  exponent	
  B(pT)	
  in	
  two	
  systems	
  (although	
  

in	
  p-­‐Pb	
  much	
  smaller	
  than	
  in	
  Pb-­‐Pb	
  case)	
  -­‐	
  similar	
  case	
  for	
  proton/pion	
  ra8o	
  

Pb-­‐Pb	
  
p-­‐Pb	
  

J.	
  Anielski	
  Fri	
  15:40	
  

R = A(dNch/d⌘)
B



IdenBfied	
  parBcles	
  in	
  p-­‐Pb	
  

SQM	
  2013,	
  M.	
  Ploskon	
  

15	
  

η/dchNd
10 210 310 410

S0
 /

 K
Λ

-110

1

 = 7 TeVspp 
 = 5.02 TeVNNsp-Pb 

 = 2.76 TeVNNsPb-Pb 
By = A x

 (1x)c < 1.00 GeV/
T

p0.80 < 

 (1x)c < 2.30 GeV/
T

p2.00 < 

 (2x)c < 2.90 GeV/
T

p2.60 < 

 (1x)c < 1.00 GeV/
T

p0.90 < 

 (1x)c < 2.20 GeV/
T

p2.00 < 

 (2x)c < 2.80 GeV/
T

p2.60 < 

 (1x)c < 2.20 GeV/
T

p2.00 < 

 (2x)c < 2.80 GeV/
T

p2.60 < 

ALI−PREL−54719

•  Baryon	
  to	
  meson	
  ra8o:	
  	
  
•  similar	
  trend	
  of	
  p/pion	
  raBo	
  in	
  p-­‐Pb	
  as	
  in	
  Pb-­‐Pb	
  per	
  dNch/dη	
  	
  
•  follows	
  a	
  power-­‐law	
  with	
  a	
  same	
  exponent	
  B(pT)	
  in	
  two	
  systems	
  (although	
  

in	
  p-­‐Pb	
  much	
  smaller	
  than	
  in	
  Pb-­‐Pb	
  case)	
  -­‐	
  similar	
  case	
  for	
  proton/pion	
  ra8o	
  
•  Same	
  trend	
  in	
  proton-­‐proton	
  collisions	
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Lambda/Kaon	
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  vs.	
  charged	
  par8cle	
  mul8plicity	
  density	
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p-­‐Pb	
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global fit error
total error

 = 7 TeV (with CR)sPYTHIA8 pp 
 = 7 TeV (no CR)sPYTHIA8 pp 

Blast-­‐wave	
  in	
  pp,	
  pPb	
  and	
  Pb-­‐Pb	
  

SQM	
  2013,	
  M.	
  Ploskon	
  

Proton-­‐proton	
  

p-­‐Pb	
  

Pb-­‐Pb	
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•  Blast-­‐wave	
  fits:	
  similar	
  T	
  vs	
  Beta	
  trend	
  in	
  p-­‐Pb	
  and	
  Pb-­‐Pb;	
  	
  
•  however,	
  also	
  in	
  pp	
  collisions	
  

•  Fits	
  (spectra)	
  sensiBve	
  not	
  only	
  to	
  a	
  collecBve	
  behavior	
  (radial	
  flow)	
  but	
  also	
  to	
  other	
  
sources	
  of	
  correlaBons?	
  -­‐>	
  pp,	
  p-­‐Pb	
  cases	
  	
  

•  Pythia	
  –	
  vacuum	
  case	
  and	
  no	
  radial	
  flow	
  –	
  Color	
  ReconnecBons	
  –	
  source	
  of	
  correlaBons	
  
in	
  the	
  final	
  state	
  –	
  impact	
  on	
  the	
  spectra	
  shape	
  (fit	
  sensiBvity)	
  

Pythia	
  

J.	
  Anielski	
  Fri	
  15:40	
  

ALICE	
  Preliminary	
  
On	
  arXiv	
  this	
  week!	
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MulB-­‐strange	
  baryons	
  

SQM	
  2013,	
  M.	
  Ploskon	
  

Hyperon	
  to	
  pion	
  ra8o	
  –	
  
as	
  expected	
  from	
  thermal	
  
model	
  (Andronic	
  et.	
  al)	
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LHC:	
  ALICE	
  –	
  solid	
  points	
  
RHIC:	
  STAR	
  –	
  hollow	
  points	
  

Enhancement	
  paGern	
  (strangeness	
  content)	
  preserved	
  at	
  LHC	
  
–	
  also	
  the	
  expected	
  sqrt(sNN)	
  energy	
  dependence	
  observed	
  
	
  

L.	
  Barnby	
  Mon	
  15:50	
  
D.	
  Colella	
  Thu	
  16:50	
  



Hadronic	
  resonances	
  in	
  Pb-­‐Pb	
  

SQM	
  2013,	
  M.	
  Ploskon	
  

•  Produc8on/abundance	
  sensi8ve	
  to	
  temperature	
  and	
  life8me	
  of	
  fireball	
  
•  8me	
  between	
  chemical	
  to	
  kine8c	
  freeze-­‐out	
  

•  Mass	
  and	
  width	
  –	
  sensi8vity	
  to	
  chiral	
  symmetry	
  restora8on	
  
•  No	
  modifica8ons	
  seen	
  in	
  the	
  data	
  

Spectra 
•  Fit Corrected Spectra 

–  K*0: Lévy-Tsallis Function 
�  φ: Boltzmann-Gibbs Blast Wave Function 

•  Extrapolate φ yield to low pT (~15% of total yield) 

9 Mean pT 
•  <pT> appears to increase for more 

central Pb–Pb collisions 
•  <pT> in pp at √s=7 TeV 

–  Consistent with peripheral    
Pb–Pb 

–  Lower than central Pb–Pb 
•  <pT> greater at LHC than RHIC 

–  For K*0: 20% larger 
–  For φ: 30% larger 

•  ALICE π,K,p spectra: global blast-
wave fit shows ~10% increase in 
radial flow w.r.t. RHIC 
–  Stronger radial flow at LHC 

10 

K*0 

φ$

<pT>	
  at	
  LHC	
  larger	
  than	
  at	
  RHIC	
  	
  
–	
  consistent	
  with	
  stronger	
  radial	
  flow	
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A.	
  Knospe	
  Thu	
  17:10	
  



Hadronic	
  resonances	
  in	
  Pb-­‐Pb	
  

SQM	
  2013,	
  M.	
  Ploskon	
  

•  K*0/K–	
  decreases	
  for	
  central	
  collisions	
  	
  
•  signature	
  for	
  re-­‐scaGering	
  in	
  central	
  collisions	
  

•  φ/K	
  independent	
  of	
  energy	
  and	
  system	
  from	
  RHIC	
  to	
  LHC	
  
•  Pb–Pb:	
  consistent	
  with	
  Grand	
  Canonical	
  thermal	
  model	
  (Andronic	
  et	
  al.)	
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  Knospe	
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  17:10	
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RAA	
  of	
  idenBfied	
  parBcles	
  

SQM	
  2013,	
  M.	
  Ploskon	
  

RAA and RCP 
•  Central Collisions: 

–  RAA(φ) between RAA(π,K) and RAA(p) 
•   RAA(φ) tends to be below RAA(p) 

despite larger φ mass 
•  Consistent with RAA(p) within 

uncertainties 
–  RAA(φ) below RAA(Ξ) 

•  RAA values different despite 
similar strange quark content 

•  All RAA (except Ω) converge at high pT 
–  this occurs at ≈7 GeV/c for central 

collisions, ≈4 GeV/c for peripheral 
collisions 

•  RCP(K*0) tends to be lower than RCP(φ), 
but usually consistent within uncertainties 
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  in	
  0-­‐10%:	
  	
  

•  Similar	
  to	
  proton	
  below	
  2	
  GeV/c	
  
•  Between	
  pion	
  and	
  proton	
  above	
  

2	
  GeV/c	
  

Ξ	
  RAA	
  compaBble	
  with	
  protons	
  
	
  
Ω	
  –	
  large	
  RAA	
  consistent	
  with	
  
enhancement	
  in	
  HI	
  collisions;	
  
however,	
  largely	
  due	
  to	
  the	
  
suppression	
  in	
  pp	
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Thermal	
  fits	
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  2013,	
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  Ploskon	
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Remaining	
  data-­‐fit	
  tension	
  –	
  
possible	
  contribu8ons:	
  
•  late	
  stage	
  baryon-­‐an8baryon	
  

annihila8on	
  (specifically	
  p-­‐pbar)	
  
•  sequen8al	
  freeze-­‐out	
  of	
  

different	
  different	
  quark	
  
flavours	
  	
  

•  non-­‐equiibrium	
  freezeout	
  
condi8ons	
  	
  

•  Unknown/unmeasured	
  baryon	
  
resonance	
  spectrum	
  proton	
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  of	
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  parBcles	
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•  v2/nq	
  scaling	
  at	
  the	
  LHC	
  less	
  obvious	
  (within	
  ~20%)	
  
•  For	
  (mT-­‐m0)/nq>1	
  GeV/c	
  v2	
  of	
  p	
  is	
  lower	
  than	
  of	
  π	
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•  Mass	
  ordering	
  for	
  mul8-­‐strange	
  baryons	
  	
  
•  Described	
  by	
  hydrodynamical	
  model(s)	
  

20-­‐40%	
  

40-­‐50%	
  

40-­‐50%	
  

Y.	
  Zhou	
  Tue	
  14:00	
  

Not	
  shown:	
  v3(pT)	
  –	
  mass	
  ordering	
  reproduced	
  by	
  hydro;	
  
pion-­‐proton	
  intersect	
  –	
  expected	
  from	
  coalescence	
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ALICE INTERNAL ONLY 8

Fig. 3: Left: Associated yield per trigger particle in Dj and Dh for pairs of charged particles with
2 < pT,trig < 4 GeV/c and 1 < pT,assoc < 2 GeV/c in p–Pb collisions at

p
sNN = 5.02 TeV for the 0–20%

multiplicity class, after subtraction of the associated yield obtained in the 60–100% event class. Top
right: The associated per-trigger yield after subtraction (as shown on the left) projected onto Dh averaged
over |Dj| < p/3 (black circles), |Dj �p| < p/3 (red squares), and the remaining area (blue triangles,
Dj <�p/3, p/3<Dj < 2p/3 and Dj > 4p/3). Bottom right: as above but projected onto Dj averaged
over 0.8 < |Dh |< 1.8 on the near side and |Dh |< 1.8 on the away side. Superimposed are fits containing
a cos(2Dj) shape alone (black dashed line) and a combination of cos(2Dj) and cos(3Dj) shapes (red
solid line). The blue horizontal line shows the baseline obtained from the latter fit which is used for
the yield calculation. For comparison, the subtracted associated yield applying the same procedure on
HIJING shifted to the same baseline is also shown. The figure shows only statistical uncertainties.
Systematic uncertainties are mostly correlated and affect the baseline. Uncorrelated uncertainties are
less than 1%.

|Dh | < 1.2; b) the residual near-side peak above the ridge is also removed from the away side
accounting for the general pT -dependent difference of near-side and away-side jet yields due
to the kinematic contraints and the detector acceptance, which is evaluated using the lowest
multiplicity class; and c) the lower multiplicity class is scaled before the subtraction such that no
residual near-side peak above the ridge remains. The resulting differences in v2 (up to 15%) and
v3 coefficients (up to 40%) when applying these approaches have been added to the systematic
uncertainties.

The coefficients v2 and v3 are shown in the left panel of Fig. 4 for different event classes. The
coefficient v2 increases with increasing pT, and shows only a small dependence on multiplicity .
In the 0–20% event class, v2 increases from 0.06±0.01 for 0.5 < pT < 1 GeV/c to 0.12±0.02
for 2 < pT < 4 GeV/c, while v3 is about 0.03 and shows, within large errors, an increasing trend
with pT. Reference [33] gives predictions for two-particle correlations arising from collective
flow in p–Pb collisions at the LHC in the framework of a hydrodynamical model. The values
for v2 and v3 coefficients, as well as the pT and the multiplicity dependences, are in qualitative
agreement with the presented results.
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Two-­‐parBcle	
  correlaBons	
  in	
  p-­‐Pb	
  

SQM	
  2013,	
  M.	
  Ploskon	
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High	
  mulBplicity	
  event	
  class	
   Low	
  mulBplicity	
  event	
  class	
  

Azimuthal	
  s
epara8

on	
  

Analysis	
  in	
  mul8plicity	
  classes	
  defined	
  by	
  the	
  total	
  charge	
  in	
  VZERO	
  detector	
  	
  
(away	
  from	
  the	
  central	
  region)	
  

	
  

<dNch/dη>	
  ~	
  7	
  <dNch/dη>	
  ~	
  35	
   Remaining	
  correlaBon:	
  	
  
two	
  twin	
  long	
  range	
  structures	
  

The	
  method:	
  from	
  the	
  high-­‐mulBplicity	
  yield	
  subtract	
  	
  
the	
  jet	
  yield	
  in	
  low-­‐mulBplicity	
  events	
  (no	
  ridge)	
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Twin	
  ridge	
  structure	
  in	
  p-­‐Pb	
  

SQM	
  2013,	
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ALICE INTERNAL ONLY 8

Fig. 3: Left: Associated yield per trigger particle in Dj and Dh for pairs of charged particles with
2 < pT,trig < 4 GeV/c and 1 < pT,assoc < 2 GeV/c in p–Pb collisions at

p
sNN = 5.02 TeV for the 0–20%

multiplicity class, after subtraction of the associated yield obtained in the 60–100% event class. Top
right: The associated per-trigger yield after subtraction (as shown on the left) projected onto Dh averaged
over |Dj| < p/3 (black circles), |Dj �p| < p/3 (red squares), and the remaining area (blue triangles,
Dj <�p/3, p/3<Dj < 2p/3 and Dj > 4p/3). Bottom right: as above but projected onto Dj averaged
over 0.8 < |Dh |< 1.8 on the near side and |Dh |< 1.8 on the away side. Superimposed are fits containing
a cos(2Dj) shape alone (black dashed line) and a combination of cos(2Dj) and cos(3Dj) shapes (red
solid line). The blue horizontal line shows the baseline obtained from the latter fit which is used for
the yield calculation. For comparison, the subtracted associated yield applying the same procedure on
HIJING shifted to the same baseline is also shown. The figure shows only statistical uncertainties.
Systematic uncertainties are mostly correlated and affect the baseline. Uncorrelated uncertainties are
less than 1%.

|Dh | < 1.2; b) the residual near-side peak above the ridge is also removed from the away side
accounting for the general pT -dependent difference of near-side and away-side jet yields due
to the kinematic contraints and the detector acceptance, which is evaluated using the lowest
multiplicity class; and c) the lower multiplicity class is scaled before the subtraction such that no
residual near-side peak above the ridge remains. The resulting differences in v2 (up to 15%) and
v3 coefficients (up to 40%) when applying these approaches have been added to the systematic
uncertainties.

The coefficients v2 and v3 are shown in the left panel of Fig. 4 for different event classes. The
coefficient v2 increases with increasing pT, and shows only a small dependence on multiplicity .
In the 0–20% event class, v2 increases from 0.06±0.01 for 0.5 < pT < 1 GeV/c to 0.12±0.02
for 2 < pT < 4 GeV/c, while v3 is about 0.03 and shows, within large errors, an increasing trend
with pT. Reference [33] gives predictions for two-particle correlations arising from collective
flow in p–Pb collisions at the LHC in the framework of a hydrodynamical model. The values
for v2 and v3 coefficients, as well as the pT and the multiplicity dependences, are in qualitative
agreement with the presented results.
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Further	
  invesBgaBons	
  reveal:	
  	
  
•  the	
  full	
  modulaBon	
  is	
  (1)	
  di-­‐jets	
  and	
  (2)	
  the	
  

double-­‐ridge	
  structure	
  –	
  nothing	
  more	
  
•  Same	
  yield	
  near	
  and	
  away	
  side	
  for	
  all	
  classes	
  of	
  

pT	
  and	
  mulBplicity	
  suggest	
  a	
  common	
  
underlying	
  process	
  

ALICE INTERNAL ONLY 8

Fig. 3: Left: Associated yield per trigger particle in Dj and Dh for pairs of charged particles with
2 < pT,trig < 4 GeV/c and 1 < pT,assoc < 2 GeV/c in p–Pb collisions at

p
sNN = 5.02 TeV for the 0–20%

multiplicity class, after subtraction of the associated yield obtained in the 60–100% event class. Top
right: The associated per-trigger yield after subtraction (as shown on the left) projected onto Dh averaged
over |Dj| < p/3 (black circles), |Dj �p| < p/3 (red squares), and the remaining area (blue triangles,
Dj <�p/3, p/3<Dj < 2p/3 and Dj > 4p/3). Bottom right: as above but projected onto Dj averaged
over 0.8 < |Dh |< 1.8 on the near side and |Dh |< 1.8 on the away side. Superimposed are fits containing
a cos(2Dj) shape alone (black dashed line) and a combination of cos(2Dj) and cos(3Dj) shapes (red
solid line). The blue horizontal line shows the baseline obtained from the latter fit which is used for
the yield calculation. For comparison, the subtracted associated yield applying the same procedure on
HIJING shifted to the same baseline is also shown. The figure shows only statistical uncertainties.
Systematic uncertainties are mostly correlated and affect the baseline. Uncorrelated uncertainties are
less than 1%.

|Dh | < 1.2; b) the residual near-side peak above the ridge is also removed from the away side
accounting for the general pT -dependent difference of near-side and away-side jet yields due
to the kinematic contraints and the detector acceptance, which is evaluated using the lowest
multiplicity class; and c) the lower multiplicity class is scaled before the subtraction such that no
residual near-side peak above the ridge remains. The resulting differences in v2 (up to 15%) and
v3 coefficients (up to 40%) when applying these approaches have been added to the systematic
uncertainties.

The coefficients v2 and v3 are shown in the left panel of Fig. 4 for different event classes. The
coefficient v2 increases with increasing pT, and shows only a small dependence on multiplicity .
In the 0–20% event class, v2 increases from 0.06±0.01 for 0.5 < pT < 1 GeV/c to 0.12±0.02
for 2 < pT < 4 GeV/c, while v3 is about 0.03 and shows, within large errors, an increasing trend
with pT. Reference [33] gives predictions for two-particle correlations arising from collective
flow in p–Pb collisions at the LHC in the framework of a hydrodynamical model. The values
for v2 and v3 coefficients, as well as the pT and the multiplicity dependences, are in qualitative
agreement with the presented results.

DRAFT v0.84 $Revision: 631 :$ $Date: 2012-12-01 16:02:43 +0100 (Sat, 01 Dec 2012) :$
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amplitudes	
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  Fourier	
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Similar	
  observaBons	
  in	
  Pb-­‐Pb	
  are	
  
ascribed	
  to	
  collecBve	
  effects!	
  

ALICE:	
  arXiv:1212.2001
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Mesons	
  (pions	
  and	
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  following	
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  with	
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Comparison	
  of	
  v2	
  in	
  Pb-­‐Pb	
  and	
  p-­‐Pb	
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Similar	
  features	
  in	
  p-­‐Pb	
  and	
  Pb-­‐Pb:	
  mass	
  ordering	
  at	
  low-­‐pT	
  	
  
-­‐	
  in	
  Pb-­‐Pb	
  ascribbed	
  to	
  hydrodynamics	
  

High-­‐mulBplicity	
  p-­‐Pb	
  collisions	
   10-­‐20%	
  Pb-­‐Pb	
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•  RAA	
  of	
  D	
  –	
  similar	
  suppression	
  as	
  light	
  flavor	
  (poten8al	
  difference	
  at	
  pT	
  <	
  8	
  GeV/c)	
  
•  Non-­‐zero	
  D	
  v2	
  –	
  interacBons	
  of	
  the	
  c-­‐quark	
  with	
  thermal	
  bulk	
  –thermalizaBon	
  (?)	
  of	
  charm	
  	
  
•  The	
  simultaneous	
  descripBon	
  of	
  D	
  meson	
  RAA	
  and	
  v2	
  is	
  a	
  challenge	
  to	
  theoreBcal	
  models	
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  for	
  theory	
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descripBon	
  of	
  HFE	
  –	
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  and	
  v2	
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Heavy-­‐flavor	
  strongly	
  suppressed;	
  HFE	
  v2	
  >	
  0;	
  
Simultaneous	
  descripBon	
  of	
  heavy	
  flavor	
  decay	
  electrons	
  RAA	
  and	
  v2	
  
is	
  a	
  challenge	
  to	
  theoreBcal	
  models	
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NEW	
  

20-­‐40%:	
  v2	
  of	
  HFM	
  similar	
  as	
  for	
  HF-­‐electrons	
  in	
  central	
  rapidity	
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Heavy-­‐flavor	
  electrons	
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  M.	
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•  Pb-­‐Pb:	
  Heavy-­‐flavor	
  electrons	
  at	
  |η|<0.7	
  and	
  heavy-­‐flavor	
  muons	
  at	
  2.4<|η|<5	
  
•  Similar	
  suppression	
  paxern	
  (centrality	
  dependence)	
  for	
  muons	
  and	
  electrons	
  

HF	
  Electrons	
  -­‐	
  midrapidity	
  
HF	
  Muons	
  2.4	
  <	
  y	
  <	
  4.0	
  

Pb-­‐Pb	
  centrality:	
  0-­‐10%	
  

Pb-­‐Pb	
  centrality:	
  	
  
40-­‐50%	
  electrons	
  
40-­‐80	
  muons	
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D	
  vs.	
  B	
  mesons	
  RAA	
  vs.	
  centrality	
  

SQM	
  2013,	
  M.	
  Ploskon	
  

•  pT	
  ranges:	
  similar	
  kinema8cs	
  for	
  D	
  and	
  B	
  mesons	
  (measured	
  via	
  non-­‐prompt	
  J/ψ)	
  	
  
•  simula8ons	
  of	
  decay	
  kinema8cs	
  used,	
  i.e.	
  in	
  8-­‐16	
  GeV/c,	
  in	
  J/ψ	
  pT	
  range	
  6.5-­‐30	
  GeV/c	
  

Charm	
  more	
  suppressed	
  than	
  beauty	
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HF	
  at	
  mid-­‐rapidity	
  RpPb	
  consistent	
  with	
  unity	
  (within	
  uncertainBes)	
  

With	
  FONLL	
  (JHEP	
  9805:007,1998)	
  +EPS09	
  

ALICE	
  
Preliminary	
  

Heavy-­‐flavor	
  electrons	
  in	
  p-­‐Pb	
  

D-­‐meson	
  RpPb	
  consistent	
  with	
  MNR	
  +	
  EPS09	
  and	
  CGC	
  calculaBons	
  
D.	
  Stocco	
  Tue	
  11:00	
  
G.	
  Luparello	
  Fri	
  14:00	
  
M.	
  Heide	
  Fri	
  14:20	
  MNR:	
  Nucl.	
  Phys.	
  B	
  373	
  (1992)	
  295;	
  EPS09:	
  JHEP	
  0904	
  (2009)	
  065	
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J/psi	
  in	
  Pb-­‐Pb	
  

SQM	
  2013,	
  M.	
  Ploskon	
  

•  Different	
  suppression	
  paGern	
  as	
  compared	
  to	
  RHIC	
  –	
  much	
  less	
  suppression	
  in	
  central	
  
events	
  -­‐>	
  recombina8on?	
  

•  Stronger	
  suppression	
  at	
  larger	
  rapidi8es	
  (consistent	
  with	
  electron	
  results)	
  –	
  challenge	
  to	
  
the	
  model	
  (E.	
  Ferreiro,	
  shadowing+comovers+recomb.)	
  

G.	
  Bruno	
  Tue	
  09:00	
  
L.	
  Valencia	
  Palomo	
  Fri	
  16:50	
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  for	
  Y	
  and	
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Note:	
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•  Emerick	
  et	
  al.:	
  rate	
  equa8on	
  w/	
  small	
  
regenera8on,	
  feed-­‐down	
  (~	
  50	
  %)	
  and	
  CNM	
  
effect	
  by	
  an	
  overall	
  absorp8on	
  cross-­‐sec8on	
  

•  Agreement	
  with	
  the	
  data	
  within	
  
uncertain8es	
  

•  M.	
  Strickland:	
  Hydrodyn.	
  model	
  w/	
  feed	
  
down	
  of	
  Υ(1S)	
  from	
  higher	
  states;	
  no	
  
recombina8on;	
  no	
  CNM;	
  	
  

•  Data	
  agree	
  with	
  the	
  boost	
  invariant	
  plateau	
  
with	
  limited	
  fragmenta8on	
  for	
  η/s	
  of	
  1/4π	
  

G.	
  Bruno	
  Tue	
  09:00	
  
P.	
  Khan	
  Fri	
  17:10	
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EPS09	
  +	
  LO	
  by	
  Feirreiro	
  (color	
  singlet)	
  -­‐	
  
describes	
  the	
  data	
  within	
  uncertain8es	
  -­‐	
  
beGer	
  for	
  J/psi	
  	
  

EPS09	
  +	
  NLO	
  from	
  Vogt	
  (color	
  octet)	
  describes	
  
the	
  J/ψ	
  data;	
  reproduces,	
  with	
  slightly	
  larger	
  
values,	
  the	
  observed	
  trend	
  for	
  Υ(1S)	
  	
  

Number	
  of	
  models	
  reproduce	
  the	
  FB	
  raBo	
  within	
  experimental	
  uncertainBes;	
  
low	
  shadowing	
  favor	
  Υ(1S),	
  high	
  shadowing	
  bexer	
  with	
  J/ψ	
  data	
  	
  

G.	
  Bruno	
  Tue	
  09:00	
  
I.	
  Lakomov	
  Fri	
  15:00	
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ALI-PREL-44216ALI-DER-44853

Jet	
  RAA	
  and	
  RpPb	
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No	
  suppression	
  in	
  min.	
  bias	
  	
  
p-­‐Pb	
  collisions	
  

Jet	
  x-­‐sec8on	
  ra8os	
  (R=0.2/R=0.4)	
  in	
  Pb-­‐Pb	
  and	
  
pPb	
  compa8ble	
  with	
  pp	
  within	
  uncertain8es	
  
(not	
  shown	
  here)	
  –	
  no	
  modifica8ons	
  of	
  internal	
  
jet	
  structure	
  within	
  uncertain8es	
  

NEW	
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Jets	
  strongly	
  suppressed	
  in	
  central	
  Pb-­‐Pb	
  

M.	
  Verweij	
  Thu	
  14:20	
  



And	
  many	
  other…	
  
•  Ultra-­‐peripheral	
  collisions	
  Friday	
  26	
  Jul	
  2013	
  at	
  16:30	
  by	
  D.	
  Tapia	
  Takaki	
  
•  D	
  meson-­‐hadron	
  correla8ons	
  in	
  pp	
  and	
  p-­‐Pb	
  Friday	
  26	
  Jul	
  2013	
  at	
  14:40	
  by	
  F.	
  Colomaria	
  
•  Flow	
  of	
  strange	
  and	
  mul8-­‐strange	
  par8cles	
  Tuesday	
  23	
  Jul	
  2013	
  at	
  14:00	
  by	
  Y.	
  Zhou	
  
•  Charmonium	
  in	
  Pb-­‐Pb	
  Friday	
  26	
  Jul	
  2013	
  at	
  16:50	
  by	
  L.	
  Valencia	
  Palomo	
  
•  D	
  RAA	
  and	
  v2	
  in	
  Pb-­‐Pb	
  Thursday	
  25	
  Jul	
  2013	
  at	
  15:20	
  by	
  E.	
  Bruna	
  
•  Hadronic	
  resonances	
  in	
  Pb-­‐Pb	
  Thursday	
  25	
  Jul	
  2013	
  at	
  17:10	
  by	
  A.	
  Knospe	
  
•  J/psi	
  produc8on	
  in	
  p-­‐Pb	
  Friday	
  26	
  Jul	
  2013	
  at	
  15:00	
  by	
  I.	
  Lakomov	
  
•  Jet	
  produc8on	
  and	
  structure	
  in	
  pp,	
  p-­‐Pb	
  and	
  Pb-­‐Pb	
  Thursday	
  25	
  Jul	
  2013	
  at	
  14:20	
  by	
  M.	
  Verweij	
  
•  K0s	
  and	
  Lambda	
  Thursday	
  25	
  Jul	
  2013	
  at	
  17:10	
  by	
  L.	
  HanraGy	
  
•  Low	
  mass	
  vector	
  meson	
  produc8on	
  in	
  pp,	
  p-­‐Pb	
  and	
  Pb-­‐Pb	
  Thursday	
  25	
  Jul	
  2013	
  at	
  17:30	
  by	
  A.	
  De	
  Falco	
  
•  D	
  meson	
  produc8on	
  in	
  p-­‐Pb	
  collisions	
  Friday	
  26	
  Jul	
  2013	
  at	
  14:00	
  by	
  G.	
  Luparello	
  
•  Electrons	
  from	
  heavy-­‐flavour	
  decays	
  in	
  Pb-­‐Pb	
  Thursday	
  25	
  Jul	
  2013	
  at	
  15:00	
  by	
  D.	
  Thomas	
  
•  Electrons	
  from	
  heavy-­‐flavour	
  hadron	
  decays	
  in	
  pp	
  and	
  p-­‐Pb	
  Friday	
  26	
  Jul	
  2013	
  at	
  14:20	
  by	
  M.	
  Heide	
  
•  J/psi-­‐>ee	
  with	
  ALICE	
  Friday	
  26	
  Jul	
  2013	
  at	
  16:30	
  by	
  F.	
  Fionda	
  
•  Mul8-­‐strange	
  baryon	
  produc8on	
  in	
  Pb-­‐Pb	
  and	
  pp	
  collisions	
  Thursday	
  25	
  Jul	
  2013	
  at	
  16:50	
  by	
  D.	
  Colella	
  
•  RAA	
  and	
  v2	
  of	
  muons	
  from	
  Heavy-­‐Flavour	
  in	
  Pb–Pb	
  Tuesday	
  23	
  Jul	
  2013	
  at	
  16:20	
  by	
  X.	
  Zhang	
  
•  Open-­‐charm	
  produc8on	
  vs.	
  charged-­‐par8cle	
  mul8plicity	
  in	
  pp	
  Thursday	
  25	
  Jul	
  2013	
  at	
  15:40	
  by	
  R.	
  Bala	
  
•  Produc8on	
  of	
  hypernuclei	
  in	
  Pb-­‐Pb	
  Friday	
  26	
  Jul	
  2013	
  at	
  17:10	
  by	
  R.	
  Lea	
  
•  Pion/K/p	
  in	
  pp	
  and	
  Pb-­‐Pb	
  Tuesday	
  23	
  Jul	
  2013	
  at	
  14:40	
  by	
  M.	
  Chojnacki	
  
•  Tracker	
  upgrade	
  Thursday	
  25	
  Jul	
  2013	
  at	
  16:30	
  by	
  C.	
  Terrevoli	
  
•  Resonance	
  Produc8on	
  in	
  pp	
  collisions	
  Thursday	
  25	
  Jul	
  2013	
  at	
  16:50	
  by	
  G.	
  Lee	
  
•  Search	
  for	
  exo8c	
  hyper-­‐maGer	
  and	
  measurement	
  of	
  (an8-­‐)nuclei	
  yields	
  Friday	
  26	
  Jul	
  2013	
  at	
  17:30	
  by	
  B.	
  Doenigus	
  
•  Two	
  par8cle	
  correla8ons	
  in	
  Pb-­‐Pb	
  collisions	
  Tuesday	
  23	
  Jul	
  2013	
  at	
  15:20	
  by	
  M.	
  Bombara	
  
•  Iden8fied	
  hadrons	
  in	
  p–Pb	
  collisions	
  Friday	
  26	
  Jul	
  2013	
  at	
  15:40	
  by	
  J.	
  Anielski	
  
•  Two-­‐par8cle	
  correla8ons	
  in	
  p-­‐Pb	
  collisions	
  Friday	
  26	
  Jul	
  2013	
  at	
  15:20	
  by	
  L.	
  Milano	
  
•  Upsilon	
  Produc8on	
  in	
  Pb-­‐Pb	
  Collisions	
  at	
  Forward	
  Rapidity	
  Friday	
  26	
  Jul	
  2013	
  at	
  17:10	
  by	
  P.	
  Khan	
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Plenary	
  talks:	
  
	
  
Strangeness	
  Monday	
  22	
  Jul	
  2013	
  at	
  15:50	
  by	
  L.	
  Barnby	
  
Quarkonia	
  Tuesday	
  23	
  Jul	
  2013	
  at	
  09:00	
  by	
  G.	
  Bruno	
  
HF	
  Tuesday	
  23	
  Jul	
  2013	
  at	
  11:00	
  by	
  D.	
  Stocco	
  
pA	
  collisions	
  Thursday	
  25	
  Jul	
  2013	
  at	
  11:30	
  by	
  A.	
  Morsch	
  
Angular	
  correla8ons	
  Friday	
  26	
  Jul	
  2013	
  at	
  10:00	
  by	
  P.	
  Christakoglou	
  
	
  

In	
  red	
  talks	
  not	
  men8oned	
  earlier	
  



Summary	
  

•  More	
  details	
  on	
  par8cle	
  produc8on	
  in	
  Pb-­‐Pb	
  
–  Resonances,	
  mul8-­‐strange	
  par8cles…	
  -­‐	
  including	
  flow…;	
  
including	
  quarkonia	
  

–  Cri8cal	
  for	
  in-­‐depth	
  understanding	
  of	
  QGP	
  proper8es	
  
•  RpPb	
  delivers	
  wealth	
  of	
  cross-­‐checks	
  /	
  new	
  
calibra8on	
  measurements	
  
–  RpPb	
  is	
  1.	
  for	
  jets,	
  open	
  charm,	
  heavy-­‐flavor	
  (min.	
  bias)	
  
–  CNM	
  effects	
  are	
  finite	
  in	
  quarkonia	
  produc8on	
  
– Understanding	
  of	
  “centrality”	
  in	
  pA	
  collisions	
  not	
  trivial	
  
– Observables	
  used	
  to	
  probe	
  genuine	
  QGP/hot	
  coupled	
  
system	
  proper8es	
  reveal	
  similar	
  features	
  in	
  “cold”	
  
collisions	
  (pA	
  and(!)	
  proton-­‐proton	
  collisions)	
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ALICE	
  Inner	
  tracker	
  upgrade	
  

•  Readout:	
  con8nuous	
  readout	
  of	
  
Pb-­‐Pb	
  interac8ons	
  at	
  >	
  50	
  kHz	
  	
  
–  to	
  exploit	
  luminosity	
  (>10	
  nb-­‐1	
  in	
  

Pb-­‐Pb	
  -­‐	
  ~1010	
  central	
  events	
  )	
  	
  

•  New	
  ITS:	
  	
  
–  Exploit	
  heavy-­‐flavor	
  physics	
  with	
  

precision	
  and	
  stat.	
  accuracy	
  
–  Tracking	
  efficiency	
  >90%	
  down	
  to	
  

0.1-­‐	
  0.2	
  GeV/c	
  
–  Stand-­‐alone	
  pT	
  resolu8on:	
  

improved	
  by	
  a	
  factor	
  ~2	
  

SQM	
  2013,	
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  Ploskon	
  

ITS Upgrade Performance 
10 

x3 in rφ  

x5 in z  

D0→Kπ secondary vertex resolution  

SQM2013 

Tracking resolution 

 
 tracking efficiency >90% down to 0.1- 0.2 GeV/c 
 ITS stand-alone pT resolution: improved by a factor ~2  
 

Upgraded	
  ALICE-­‐ITS	
  -­‐	
  performance	
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C.	
  Terrevoli	
  Thu	
  16:30	
  



And	
  many	
  other…	
  
•  Ultra-­‐peripheral	
  collisions	
  Friday	
  26	
  Jul	
  2013	
  at	
  16:30	
  by	
  D.	
  Tapia	
  Takaki	
  
•  D	
  meson-­‐hadron	
  correla8ons	
  in	
  pp	
  and	
  p-­‐Pb	
  Friday	
  26	
  Jul	
  2013	
  at	
  14:40	
  by	
  F.	
  Colomaria	
  
•  Flow	
  of	
  strange	
  and	
  mul8-­‐strange	
  par8cles	
  Tuesday	
  23	
  Jul	
  2013	
  at	
  14:00	
  by	
  Y.	
  Zhou	
  
•  Charmonium	
  in	
  Pb-­‐Pb	
  Friday	
  26	
  Jul	
  2013	
  at	
  16:50	
  by	
  L.	
  Valencia	
  Palomo	
  
•  D	
  RAA	
  and	
  v2	
  in	
  Pb-­‐Pb	
  Thursday	
  25	
  Jul	
  2013	
  at	
  15:20	
  by	
  E.	
  Bruna	
  
•  Hadronic	
  resonances	
  in	
  Pb-­‐Pb	
  Thursday	
  25	
  Jul	
  2013	
  at	
  17:10	
  by	
  A.	
  Knospe	
  
•  J/psi	
  produc8on	
  in	
  p-­‐Pb	
  Friday	
  26	
  Jul	
  2013	
  at	
  15:00	
  by	
  I.	
  Lakomov	
  
•  Jet	
  produc8on	
  and	
  structure	
  in	
  pp,	
  p-­‐Pb	
  and	
  Pb-­‐Pb	
  Thursday	
  25	
  Jul	
  2013	
  at	
  14:20	
  by	
  M.	
  Verweij	
  
•  K0s	
  and	
  Lambda	
  Thursday	
  25	
  Jul	
  2013	
  at	
  17:10	
  by	
  L.	
  HanraGy	
  
•  Low	
  mass	
  vector	
  meson	
  produc8on	
  in	
  pp,	
  p-­‐Pb	
  and	
  Pb-­‐Pb	
  Thursday	
  25	
  Jul	
  2013	
  at	
  17:30	
  by	
  A.	
  De	
  Falco	
  
•  D	
  meson	
  produc8on	
  in	
  p-­‐Pb	
  collisions	
  Friday	
  26	
  Jul	
  2013	
  at	
  14:00	
  by	
  G.	
  Luparello	
  
•  Electrons	
  from	
  heavy-­‐flavour	
  decays	
  in	
  Pb-­‐Pb	
  Thursday	
  25	
  Jul	
  2013	
  at	
  15:00	
  by	
  D.	
  Thomas	
  
•  Electrons	
  from	
  heavy-­‐flavour	
  hadron	
  decays	
  in	
  pp	
  and	
  p-­‐Pb	
  Friday	
  26	
  Jul	
  2013	
  at	
  14:20	
  by	
  M.	
  Heide	
  
•  J/psi-­‐>ee	
  with	
  ALICE	
  Friday	
  26	
  Jul	
  2013	
  at	
  16:30	
  by	
  F.	
  Fionda	
  
•  Mul8-­‐strange	
  baryon	
  produc8on	
  in	
  Pb-­‐Pb	
  and	
  pp	
  collisions	
  Thursday	
  25	
  Jul	
  2013	
  at	
  16:50	
  by	
  D.	
  Colella	
  
•  RAA	
  and	
  v2	
  of	
  muons	
  from	
  Heavy-­‐Flavour	
  in	
  Pb–Pb	
  Tuesday	
  23	
  Jul	
  2013	
  at	
  16:20	
  by	
  X.	
  Zhang	
  
•  Open-­‐charm	
  produc8on	
  vs.	
  charged-­‐par8cle	
  mul8plicity	
  in	
  pp	
  Thursday	
  25	
  Jul	
  2013	
  at	
  15:40	
  by	
  R.	
  Bala	
  
•  Produc8on	
  of	
  hypernuclei	
  in	
  Pb-­‐Pb	
  Friday	
  26	
  Jul	
  2013	
  at	
  17:10	
  by	
  R.	
  Lea	
  
•  Pion/K/p	
  in	
  pp	
  and	
  Pb-­‐Pb	
  Tuesday	
  23	
  Jul	
  2013	
  at	
  14:40	
  by	
  M.	
  Chojnacki	
  
•  Tracker	
  upgrade	
  Thursday	
  25	
  Jul	
  2013	
  at	
  16:30	
  by	
  C.	
  Terrevoli	
  
•  Resonance	
  Produc8on	
  in	
  pp	
  collisions	
  Thursday	
  25	
  Jul	
  2013	
  at	
  16:50	
  by	
  G.	
  Lee	
  
•  Search	
  for	
  exo8c	
  hyper-­‐maGer	
  and	
  measurement	
  of	
  (an8-­‐)nuclei	
  yields	
  Friday	
  26	
  Jul	
  2013	
  at	
  17:30	
  by	
  B.	
  Doenigus	
  
•  Two	
  par8cle	
  correla8ons	
  in	
  Pb-­‐Pb	
  collisions	
  Tuesday	
  23	
  Jul	
  2013	
  at	
  15:20	
  by	
  M.	
  Bombara	
  
•  Iden8fied	
  hadrons	
  in	
  p–Pb	
  collisions	
  Friday	
  26	
  Jul	
  2013	
  at	
  15:40	
  by	
  J.	
  Anielski	
  
•  Two-­‐par8cle	
  correla8ons	
  in	
  p-­‐Pb	
  collisions	
  Friday	
  26	
  Jul	
  2013	
  at	
  15:20	
  by	
  L.	
  Milano	
  
•  Upsilon	
  Produc8on	
  in	
  Pb-­‐Pb	
  Collisions	
  at	
  Forward	
  Rapidity	
  Friday	
  26	
  Jul	
  2013	
  at	
  17:10	
  by	
  P.	
  Khan	
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In	
  red	
  talks	
  not	
  men8oned	
  earlier	
  



EXTRA	
  SLIDES…	
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Longer	
  summary	
  	
  
–	
  wealth	
  of	
  informaBon…	
  

•  Par8cle	
  produc8on	
  in	
  Pb-­‐Pb:	
  tension	
  between	
  protons	
  and	
  Λ,	
  Ξ,	
  Ω;	
  p-­‐pbar	
  annihila8on?;	
  
missing	
  resonances?;	
  non-­‐equilibrium	
  effects?;	
  	
  

•  Known	
  resonances:	
  signature	
  of	
  re-­‐scaGering	
  in	
  hadronic	
  phases	
  of	
  central	
  collisions;	
  φ/K	
  
agrees	
  with	
  GC	
  thermal	
  model;	
  RAA	
  φ	
  :	
  a	
  baryon	
  below	
  2	
  GeV	
  and	
  meson	
  above;	
  Ξ	
  
compa8ble	
  with	
  protons;	
  Ω	
  suppressed	
  in	
  pp	
  –	
  RAA	
  large	
  value	
  

•  Iden8fied	
  par8cle	
  v2	
  –	
  nq	
  scaling	
  approximate	
  at	
  LHC	
  (at	
  best)	
  –	
  heavier	
  par8cles	
  follow	
  
hydrodynamic	
  predic8ons	
  

•  RpPb	
  minimum	
  bias	
  is	
  ~	
  1	
  within	
  uncertain8es	
  for	
  jets,	
  D’s,	
  HFE;	
  below	
  1.	
  for	
  forward	
  
quarkonia	
  (Pb	
  CNM;	
  shadowing;	
  finite	
  e-­‐loss)	
  

•  Effects	
  ascribed	
  to	
  collec8ve	
  phenomena	
  in	
  Pb-­‐Pb	
  also	
  present	
  in	
  p-­‐Pb?	
  –	
  v2	
  of	
  iden8fied	
  
hadrons	
  –	
  need	
  to	
  test	
  the	
  observables	
  –	
  what	
  are	
  the	
  genuine	
  QGP	
  signatures?	
  –	
  
collec8vity	
  in	
  pp	
  via	
  color	
  reconnec8ons	
  (pythia)	
  –	
  also	
  must	
  be	
  present	
  in	
  p-­‐Pb…;	
  
centrality-­‐Glauber	
  Ncoll	
  scaling	
  in	
  pA	
  not	
  simple	
  (physics	
  biases	
  in	
  mul8plicity	
  measures)	
  

•  Similar	
  trend	
  (power	
  law)	
  behavior	
  of	
  par8cle	
  ra8o	
  (baryon/meson)	
  in	
  pp,	
  p-­‐Pb,	
  Pb-­‐Pb	
  as	
  a	
  
func8on	
  of	
  transverse	
  momentum	
  

•  Open	
  charm	
  strongly	
  suppressed	
  flows	
  in	
  Pb-­‐Pb	
  (similar	
  observa8ons	
  for	
  heavy-­‐flavor	
  
electron	
  and	
  muon	
  v2)	
  –	
  signature	
  of	
  charm	
  interac8ons	
  within	
  the	
  medium	
  

•  Quarkonia:	
  in	
  p-­‐Pb	
  the	
  forward-­‐backward	
  ra8o	
  for	
  Y	
  found	
  smaller	
  than	
  for	
  J/ψ;	
  CNM	
  is	
  
not	
  zero;	
  RAA	
  J/ψ	
  larger	
  than	
  at	
  RHIC	
  -­‐	
  regenera8on	
  in	
  central	
  Pb-­‐Pb?	
  

•  Jets	
  suppressed	
  in	
  PbPb	
  but	
  their	
  structure	
  as	
  in	
  vacuum	
  within	
  uncertain8es	
  –	
  consistent	
  
with	
  iden8fied	
  par8cle	
  RAA	
  –	
  common	
  suppression	
  for	
  pi,	
  K,	
  p	
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Jets	
  in	
  ALICE	
  

SQM	
  2013,	
  M.	
  Ploskon	
  

Measured	
  with	
  charged	
  tracks	
  (ITS+TPC)	
  and	
  nautral	
  par8cles	
  (excpt	
  n	
  and	
  K0L;	
  with	
  EMCal)	
  
Background	
  correc8ons:	
  event-­‐by-­‐event	
  average	
  bg.	
  subtracted	
  +	
  unfolding	
  of	
  spectra	
  

SQM 2013Marta Verweij 5

Jet spectra in pp
Inclusive jet spectra in pp collisions.
Baseline for Pb-Pb and p-Pb analysis.
NLO pQCD with hadronization reproduces data.

Full Jets

Phys Lett B 722 262-272 (2013)

Charged Jets

√s = 2.76 TeV
Anti-k

T
; R=0.4; ||<0.5

Marta	
  Verweij	
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Jets	
  in	
  ALICE	
  

SQM	
  2013,	
  M.	
  Ploskon	
  

Measured	
  with	
  charged	
  tracks	
  (ITS+TPC)	
  and	
  nautral	
  par8cles	
  (excpt	
  n	
  and	
  K0L;	
  with	
  EMCal)	
  
Background	
  correc8ons:	
  event-­‐by-­‐event	
  average	
  bg.	
  subtracted	
  +	
  unfolding	
  of	
  spectra	
  

SQM 2013Marta Verweij 6

Jet structure in pp
Momentum distribution of jet 

constituents

Cross section ratio 

(σ R=0.2)/ (σ R=0.4)

Jet transverse structure.
Consistent with rising trend: 
jet collimation.

Scaled momentum

→ hump-backed plateau

Phys Lett B 722 262-272 (2013)

Marta	
  Verweij	
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CollecBve	
  Flow	
  of	
  QCD	
  Maxer	
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